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One-pot synthesis of tricyclol6.2.2.01.6]dodecane skeleton 5
has been achieved through the Diels-Alder reaction of methyl
f3-(5,5-dimdhyl-2-o:\ocyclohe:\a-l ,3-dicn-I-yl)acrylate 2 with
ethyl vinyl ether.
The use of an additional functional group to
enhance the activity of dienes or dienophiles and at
the same time to facilitate the incorporation of a
functionality into a specific position of adducts
represents an important area of investigations in the
recent developments of Diels-Alder chemistry'.
These functional groups may also assist in multiple
Diels-Alder strategy leading to polycylic
compounds". Development of newer synthetic
methods for the polycarbocyclic compounds by
efficient routes is an interesting challenge.
Continuing our study on the reactions of 2-
formyl-4,4-dimethylcyclohexa-2,5-dien-l-one 13,
we report herein an unprecedented one-pot synthesis
of tricyclo[6.22.01.6]dodecane skeleton through an
inverse electron demand Diels-Alder reaction of
methyl P-(5,5-dimethyl-2-oxocyc1ohexa-l,3-dien-l-
yl)acrylate with ethyl vinyl ether. The Wittig
reaction" of formyl-dienone 1 with stabilized ylide
methoxycarbonylmethylene-triphenylphosphorane5
in refluxing toluene yielded an unseparable mixture
of cis- and trans-dienes (2a-b; 20:80; 90%).
A mixture of dienes 2a-b ( 1 mmole ), an excess
of ethyl vinyl ether ( 4 mmoles ) and hydroquinone
( 10 mg ) in toluene was heated in a sealed tube at
160-165°C for 4 hr. Chromatographic purification
of the crude product over silica gel column gave the
colourless crystalline compound 5 ( 64% ), which
showed bands at 1728 and 1680 cm-1 indicating the
presence of the ester and a.,p-unsaturated carbonyl
groups respectively. 'n NMR of compound 5
displayed the presence of three olefinic protons [ 8
7.12( IH,s,H-IO),6.76( IH,d,J= IOHz,H-4)
and 6.02 ( IH, d , J= 10 Hz, H-3 )] and -CH-
OCH2CH3 group [ 8 3.71( IH, dd, J = 7.5,1.2 Hz,
methine proton attached to OEt )]. The structure of
compound 5 was further supported by 13C NMR
which displayed signals at 8 15.21,24.12 ( q, 2x
Me at C-5 ), 27.16 ( q, C-16 ), 29.59 ( d and t, C-
6, C-7 ), 34.73 (t, C-12 ),35.53 ( s, C-5), 45.22
( d, C-8 ), 51.55 ( q, C-14), 52.98 ( s, C-I ),
65.25 (t, C-15), 82.36 ( d, C-l1 ), 127.69 (d, C-
10 ), 136.84 ( s, C-9), 140.84 (d, C-3), 160.23
( d, C-4 ), 164.0 ( s, C-13 ), 198.4 ( s, C-2 ). The
structure 5 was further confirmed by 2D-IH
Cosy, Roesy experiments ( Figure 1 ) and X-ray
crystallography ( Figure 2 )6
The formation of 5 can be rationalized as shown
in Scheme I. The diene 2a first undergoes inverse
H:r~
H
Figure 1 Figure 2
electron demand Diels-Alder reaction with ethyl
vinyl ether to give the primary adduct 3, which then
readily undergoes elimination of ethanol to give the
diene ester 4. Additional Diels-Alder reaction of the
compound 4 with ethyl vinyl ether yielded the
tricyclo[6.2.2.01.6]dodecane skeleton 5.
When the above reaction was carried out with
one mole equivalent of ethyl vinyl ether, compound
6 was obtained. The formation of 4,4-dimethyl-1 ,4-
dihydronaphthalen-I-one 6 is due to facile
aromatization of the diene ester intermediate 4
during isolation and purification procedure.
The cis-diene 2b recovered in the above
reactions was subjected to hydrolysis with
potassium hydroxide in aqueous methanol followed
by usual workup and chromatographic purification
to afford the 8-lactone 7 ( 70% ), which displayed
IR bands at !770 ( lactone ). 1688 cm -1 ( >C=O )
".t-
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and IH NMR signals at 0 6.8( 1H, d, J = 10 Hz, H-
8 ), 6.26 (lH, d, J = 10 Hz, H-7 ), 6.13 ( 2H, m,
olefinic H-3 and H-4 protons ), 2.42 ( 1H, d, J =
2.3 Hz, H-10 ) and 2.19 ( 1H, dd, J = 2.3, 7.3 Hz,
H-5 ).
Thus, the above findings constitute the first
report of tandem inverse electron demand Diels-
Alder reaction methodology to tricyclo[6.2.2,01,6]-
dodecane skeleton. In view of the natural
occurrence of similar skeleton in isoishwarone 7 and
rhodolaureonol", the above findings assume greater
significance and will have future applications in the
synthesis of analogous natural productsf". The
present synthesis of 1,4-dihydronaphthalene
skeleton is also noteworthy as several terpenoids
. h . B . I b dl1 PWIt aromatic nng lave een reporte '" .
.Studies on further utility of these adducts and the
methodology will be the subject of our future
communication.
Experimental Section
Preparation of dienes 2a-b, A mixture of
compound 1( 2 g, 13.33 mmoles ) and methoxycar-
bonylmethylene-triphenylphosphorane ( 6.6 g , 20
mmoles ) in toluene ( 20 mL ) was refluxed for 2 hr.
Removal of solvent from the reaction mixture in
vacuo and purification of the residue over silica gel
column chromatography gave a mixture of trans-cis
2a and 2b (8:2) dienes in 90% yield. which could
6 5
Scheme I
not be separated by usual column chromatography
over silica gel and therefore the mixture of the
dienes 2a-b was used as such for Diels-Alder
reaction in which cis-diene 2b was recovered
unchanged.
Synthesis of tricyclododecane 5. A mixture of
dienes 2a and 2b ( 220 mg, 1.06 mmoles ), ethyl
vinyl ether ( 0.4 mL, 4 mmoles ), hydroquinone ( 10
mg ) and toluene ( 2 mL ) was heated in a sealed
tube at 160°C for 4 hr. The reaction mixture on
purification over silica gel column yielded the
colourless crystalline compound 5 ( 180 mg, 64%
based on the recovery of cis-cliene 2b, 42 mg ), m.p.
123-24° ( pet. ether-ethyl acetate ); IR ( CHCb ):
2950, 1728, 1680, 1520, 1410, 1380, 1240 cm';
IH NMR ( 300 MHz, CDCb ): 0 7.12 ( IH, s ),
6.76 ( IH, d, J = 10 Hz ),6.02 (lH, d, J = 10 Hz ),
3.74 ( 3H, s, -OMe ), 3.71 ( 1H, dd, J = 7, 2.1 Hz,
signal overlaps on -OMe ), 3.36 ( 2H, m, H-15 ),
3.35 ( 1H, m, H-8 ), 2.05 ( 1H, ddd, J = 13.4, 7.5,
2.1 Hz, H-12 ), 1.92 ( 1H, t, J = 8.97 Hz, H-6 ),
1.37 (lH, ddd, J = 1.2, 3.1, 13.4, H-12 ), 1.09
(3H, t,J= 7 Hz, -CH3), 1.01 (3H, s, -Me), 0.72
(3H, s, -Me ); I3C NMR ( 75.4 MHz, CDCb ):
values are given in the text; MS: mJz 305( M+ + 1 ).
Anal. Ca1cd for ClsH2"O,,: C, 71.03; H, 7.95.
Found: C, 71.10; H,7.85%.
Synthesis of 4,4-dimethyl-l,4-dihydronaphtha-
leu-l-one 6. A mixture of dicne 2a and 2b ( 206
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mg, 1 mmole), ethyl vinyl ether (0.10 mL,1 mmole)
, hydroquinone ( 10 mg ) and toluene ( 2 mL ) was
heated in a sealed tube at 160°C for 4 hr. The
reaction mixture on purification over silica gel
column yielded the compound 6 ( 162 mg, 70% );
IR(CHCh ): 2946, 1730, 1678, 1605, 1528 cm-I;
IHNMR (200 MHz, CDCh): 07.5 ( IH, s ), 7.41
( IH, d, J= 8 Hz), 6.97 ( IH, d, J= 8 Hz), 6.76
( IH, d, J = 9.8 Hz), 6.24 ( IH, d, J = 9.8Hz ),3.79
( 3H, s ), 1.25 ( 6H, s ); MS: mlz 230 ( ~ ). Anal.
Calcd for CIJ-I1403 : C, 73.03; H, 6.13. Found: C,
73.18; H, 6.10%.
Hydrolysis of cis-diene 2b. A mixture of the diene
2b ( 206 mg, 1 mmole) and potassium hydroxide
( 84 mg, 1.50 mmoles ) was stirred in aqueous
methanol ( 80%, 5 mL ) at room temperature for 4
hr. Removal of solvent in vacuo and purification of
the reaction mixture over silica gel column yielded
the lactone 7 ( 134 mg, 70%); IR ( CHCh): 2990,
1770, 1688, 1605, 1450, 1380, 1280, 1140, 1035
cm"; IH NMR ( 500 MHz, CDCh ) : values are
given in the text. Anal. Calcd for C]]H1203:
C,68.74; H, 6.29. Found: C, 68.89; H,6.42%.
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